Abstract-This paper presents a review of recent literature on consumer energy behaviors and willingness to pay for innovative products on the energy market. Among such products green energy and dynamic electricity tariffs will be considered. Social and psychological factors, that influence the adoption of these products will be discussed. Consumer engagement and acceptance of green energy as well as dynamic electricity tariffs are necessary to make the diffusion of these products possible and effective. In conclusion some research challenges and potential research gaps will be described.
I. INTRODUCTION
Nowadays the energy market experiences many challenges all over the world. The power system of the future has to be more sustainable, built on a greater energy efficiency and a high share of renewable energy with decreased production of CO2 emissions. These changes will certainly impact the energy consumers, their daily routines and bills for electricity. The ambitious political goals (e.g. 3x20 Policy) will not be achieved without consumers' awareness and engagement. In the last couple of years, the position of electricity consumers in the power system has radically changed. Due to market decentralization and the presence of a growing number of renewable energy sources (RES) on the lower voltage levels, new possibilities have arisen for the consumers. They can now play an active role in the power system. They have the right to change the energy supplier, as a result of the Third Party Access policy, see [1] and to choose a specific pricing program. Moreover, they can now relatively easily start to generate energy and use it for their own needs or sell the surplus to the distribution system operators. In this way they can become prosumers, i.e., consumers, who consume and produce energy at the same time.
The question is whether consumers are aware of all these new opportunities and whether they are ready and willing to contribute to the efficiency and sustainable development of the power system. Since years scientists from various disciplines: electricians, psychologists, environmentalists, etc. discuss and research the motivations of consumers' energy behaviors. Hundreds of publications have been written and many experimental tests and surveys have been conducted. Recently, as many surveys reveal, consumers become more environmentally conscious and in most cases they declare their willingness to pay a higher price for green energy as well as willingness to reduce energy consumption by signing to the demand side management/ demand response (DSM/DR) programs (e.g. choosing dynamic electricity tariffs, like time-ofuse or real-time pricing) [2] [3] [4] [5] . Moreover, investigators argue whether and how environmental beliefs and attitudes result in more environmental behavior, like energy conservation by i.e. choosing dynamic electricity tariffs or paying more for green energy, see e.g. [6] [7] [8] . The research has shown that even strong environmental beliefs and pro-environmental attitudes do not always lead to environmental behavior (so called intentionbehavior-gap) [8] [9] [10] .
The most important question that arises is how to convince the consumers to change their energy behaviors? How can they be persuaded to pay more for green energy or to sign to the dynamic pricing programs, which are a crucial type of DSM/DR tools? How to convince consumers to the products which often guarantee either higher bills for electricity (green energy) or discomfort of change in the daily routine (dynamic tariffs)? Further, what influences the social acceptance of these products? Some answers to these questions will be presented in this paper. This paper aims to shortly summarize the results of the last research of environmental behavior towards green energy and dynamic electricity tariffs. The paper focuses on the social and psychological factors that influence the adoption of these products on the market and the consumer acceptance. In the coming section some general issues regarding diffusion of innovative products on the energy market will be presented. Then, some most popular and experimentally proved energy behavior models and frameworks will be mentioned. Section IV will explain the most important antecedents of willingness to pay and social acceptance. Finally, still open research questions and scientific challenges will be presented.
II. DIFFUSION OF GREEN ENERGY AND DYNAMIC TARIFFS IN THE ENERGY MARKET
Following Rogers' concept, a typical innovation adoption process consists of 5 sequential stages: gaining knowledge of an innovation, forming an opinion (attitude) towards it (persuasion stage), deciding to adopt or reject it, implementing it and finally, confirming the decision [11] . The first stage of gaining knowledge about the innovation is essential, as the consumers must be aware of the innovation [10, 12] . As Claudy [12] notices, most of the surveys and researches assume that consumers are aware of the existence of the innovative products, like green energy od dynamic tariffs. However, as the authors emphasize, it doesn't have to be always true. Many consumers might not have spent much time considering these green innovations or, more importantly, are not aware of their existence at all. Consumer awareness depends on the backgrounds or market segment of the consumers and the specific technology in question [10, 12] .
In case of green energy, although a great political and financial efforts have been made, there is still a lot to do to increase the diffusion of renewable energy sources on the energy market. The adoption of dynamic tariffs by the consumers is also still in progress. As pilot programs and surveys showed, it is hard to convince people to switch to dynamic pricing and most of the consumers present disengagement and indifference towards DSM/DR tools [3, 4, 10, 13] .
Diffusion of green energy and dynamic tariffs cannot be explained without knowledge about the relationship between attitudes and behaviors of the consumers. Models and frameworks that aim to simulate the diffusion of innovative products, are based on some assumptions from socio-economic or psychological theories of decision making. Some most common energy behavior models and frameworks will be presented below.
A. Energy behavior models and frameworks
Modeling of consumers' energy behavior as well as diffusion of green energy and dynamic tariffs is a topic of many scientific publications [6-8, 10, 14-17] . The authors usually base on one of the social or economic theories explaining the process of opinion formation and decision making. Some most common examples of these theories are mentioned below: microeconomic utility-based theory of consumer's decision making, economic models of behavior connected with consumer's demand dependent on the price and income elasticity, technology adoption and attitude-based theory of planned behavior (TPB), decision theories in social and environmental psychology (like, Values-Belief-Norm Theory), sociological theories that cover the influence of social context in decision making (like, cultural model of household energy consumption [5, 9, 14, [19] [20] [21] [22] [23] . Most of the above mentioned theories assume rationality of the consumers. In reality a lot of behavior takes place under conditions of bounded rationality. Due to the various factors, like: lack of time for the proper analysis, limited information about issues and options, limited processing capacity, lack of interest and laziness, risk and loss aversion, consumers use various heuristics and perform either a habitual behavior or choose an option which looks satisfactory for them, rather than make an optimal choice [9, 10, 22] .
What is common to all the energy behavior models and frameworks is the goal to explain how people make decisions, how their attitudes, beliefs, norms and values impact their behavior. Many scientists agree that understanding of the consumer behavior is necessary to design the proper attributes of the product in such a way that the consumers will adopt it [14, 15, 22, [24] [25] [26] .
One of the most famous theories explaining the relationship between people's beliefs and norms, attitudes towards behavior and behavior itself is the theory of planned behavior (TPB) by Ajzen [18] and its earlier form called the theory of reasoned action (TRA). Apart from attitudes and behaviors, TPB introduces also a third variable, control beliefs. Control beliefs are people's perceptions of how easy or difficult it is to perform the behavior in relation to their abilities, resources and opportunities, which will encourage or hinder the performance [8, 18] . One of the controllability factors is cost: there are always consumers who are reluctant to pay extra and who are not eager to change their daily routine in case of dynamic tariffs [6, 8] . The are many modern models and frameworks of environmental behavior which take some assumptions from TPB (for green energy [8, 15] , for dynamic tariffs [6, 17, 27] ).
The next group of normative models of pro-environmental behavior is built on the relationship between values and behavior [15, 20, 28] . Values, as defined by Schwartz, are general psychological factors that guide a wide range of specific attitudes, beliefs, preferences and behaviors [20, 29] . They can be understood as guiding principles in a person's life [19, 29] . In the Schwartz's theory, values are organized along two bipolar dimensions that present opposition between competing values (tradition versus openness to change and self-transcendence versus self-enhancement). As some authors measured, proenvironmental attitudes and behaviors are positively related to an altruistic or self-transcendence value orientation, while negatively related to an opposite egoistic or self-enhancement value orientation (focused on one's personal wealth and status) [19, 21] . It was found that individuals who expresses a positive attitudes towards green energy are more concerned about the adverse consequences of environmental problems for humans and the biosphere thus possibly prioritizing collective or altruistic values [19] . Individuals with self-transcendence value orientation who believe in and are concerned about the adverse consequences of environmental problems for human and biosphere usually believe that green energy has positive impact on the environment (by e.g. reducing fossil-fuels emissions). That is why, such consumers will evaluate green electricity positively. On the contrary, individuals with a self-enhancement value orientation who are concerned about the negative effects of required sacrifices (e.g. paying more) will evaluate green energy negatively [19, 21] . In the Steg's analysis the values define which costs and benefits of energy alternatives are most vital to people and guide their acceptability ratings [21] .
Another popular model for pro-environmental behavior is called the new ecological paradigm scale (NEP Scale), successor of the new environmental paradigm (NEP) by Dunlap and Liere [28] . This model is characterized with a set of core values, which emphasize respect for natural limits and the importance of preserving the balanced integrity of nature. A model of proenvironmental consumer behavior by Stern [20] called the value-belief-norm model (VBN) is based on the concept of the NEP. VBN theory suggests that biospheric, altruistic and egoistic values affect a person's acceptance of the NEP values. Normative beliefs have a positive effect on the intention to adopt environmental behavior; for example what matters in the intention to engage in environmental behavior is the belief that climate change has to be dealt with and everyone needs to do -Problem with NIMBY (Not in My Backyard) -some people accept the investment projects in RES as long as they are not directly affected by them. -Collective costs and benefits (environmental impact, safety of operation), then individual costs and benefits (price, quality of energy supply, physical characteristics of energy alternative), fairness-related characteristic (like fair procedures, compensation strategies) and finally psychological factors (values, trust and place-identity) must be taken into account [21] .
-The type of financial support and the way the green energy market is organized is crucial to gain all players interest and acceptance [12] . [33] .
How to
-Increase trust of local community in information given and intentions of the investors and actors outside the community.
-Take care about procedural and distributional justice: Is the decision process fair? Does it take all actors into account? How should costs and benefits been shared between the actors? -Important institutional factors affecting public acceptance include ownership status, political governance, bureaucratic problems and information and public participation [21, 33] .
-Focus on precise market segmentation (taking into consideration different needs and expectations of various consumers groups) -The importance of increasing energy conservation by usage of dynamic pricing should be better explained to the consumers (residential, firms).
something about it [8, 20] . Consumers feel responsible when they understand what is occurring and the consequences of their actions. Such moral obligations increase the probability of taking energy behaviors [8, 10, 12] .
The contingent valuation methods, field experiments, survey questionnaire, semi-structured interviews and online surveys, used in the research of energy behavior and social acceptance, make a usage of the theories presented above and let the authors to identify motivational, contextual and habitual factors that impact environmental behavior. Motivations, from an individual perspective, as Lopez et al. [22] emphasize, lead people to engage in environmental behavior and are divided into perceived costs and benefits, moral and normative concerns and affection. According to the first motivation, people make more or less consciously a cost-benefit analysis of the alternatives, weigh pros and cons, to maximize their benefits. The second motivation is related to the valuation of environmental beliefs and concerns, the moral obligation to act pro-environmentally and the influence of social norms on behaviors [22] . Finally, the third make use of affective and symbolic factors to explain environmental behavior. Further, the authors underline that these different perspectives are not mutually exclusive and all of them should be considered to predict environmental behaviors [5-8, 15, 16, 22, 30-32] .
III. SOCIAL ACCEPTANCE
Wuestenhagen, Wolsing and Buerer distinguish three dimensions of social acceptance: socio-political (broadest, most general level), community (public acceptance) and market acceptance (market adoption of innovation) [33] . Some issues regarding these three acceptance levels are presented in the Table 1 .
A. Determinants of the consumers' willingness to pay
Only if the social acceptance is accompanied by the consumers' engagement and willingness to pay (WTP), understood as a willingess to contribute (by paying more for green energy, by becoming a prosumer, by switching to the dynamic tariffs program), the true adoption of such products is possible. The table below gathers the results of some studies, exploring the correlation between willingness to pay and socioeconomic characteristics of the consumers, regarding green energy and dynamic tariffs, see Table 2 . [5, 8, 14-16, 21, 34] . The difference between willingness to pay (sometimes called also stated willingness to adopt (SWA)) and the actual adoption has been widely researched [1, [7] [8] 34 ]. On one hand WTP or SWA for green energy are quite high in Europe and in U.S. (WTP between 40-60% and SWA between 30-60%). On the other hand the actual number of consumers switching to green tariffs is low (average adoption rate in U.S. is below 2% and in Europe even lower). This social phenomenon is called intentionbehavior-gap and will be shortly explained in the next subsection.
B. Intention-behavior gap
The main difficulty in understanding the energy behavior is to realize how humans attitudes and beliefs are correlated with actual behaviors and willingness-to-pay for certain products (e.g. green energy). The basic observation of psychology is that people's attitudes towards some ideas or products do not have to be followed by actual decisions and behaviors. As Ozaki emphasizes, positive green attitudes towards pro-environmental behaviors do not necessarily translate into the performance of the behaviors [8] . The problem that intentions do not always translate into actions can be better understood on the two following examples. The recent Italian survey has shown that while 70% of respondents declared willingness to increase energy saving, only 2% were currently reducing their use [10] . AIU Power Smart Pricing Program in USA has shown that only 18% of customers were aware of the pilot program, only 10% understood the program, only 5% were interested in it, and finally less than 1% have really enrolled in the program [13] .
The gap between declared intentions and actual actions is called the intention-behavior-gap (IBG) or the value-action gap and has been the subject of many studies [1, 6-8, 17, 27] . For instance, Diaz-Rainey and Tzavara [1] , as well as Ozaki [8] , argue that among factors that may cause stated preferences to diverge from the actual behavior the following can be mentioned: unstable consumers' opinions, lack of knowledge of the green power availability, confusion generated by the complexity of tariffs, lack of guidelines and advice, lack of sufficient supply, a hesitancy to switch from one electricity supplier to another, distrust of energy product suppliers and cost concerns, search cost involved in switching and free rider problem.
On the other hand, Kowalska-Pyzalska et al. [17] take a bottom-up approach and use an agent-based model originating in sociophysics [35] [36] [37] [38] to study the discrepancies between customers' opinions and decisions towards dynamic electricity tariffs. Considering consumer indifference towards tariffs (parameter p), impact of rational information and advertisement via an external field (parameter h) and social influence (conformity) they argue that the intention-behavior gap is mainly caused by the instability of opinions (one day an agent may be in favor of the tariff, the other day he/she may be against it). This can be observed in Fig. 1 . In the left panel, for high indifference (p; meaning that consumers do not care about the kind of electricity tariff they have) no matter how high the external field (h) is, the ratio of agents having a positive opinion towards dynamic tariffs converges to 0.5. In the right panel we can see that the resulting ratio of decisions is close to 0 (in this example it is assumed that a positive decision towards a dynamic tariff is possible only when the agent has positive opinions towards it for = 60 days). The decisions follow the opinions only for low values of indifference. The higher the indifference level, the greater the intention-behavior gap can be observed. Even if the opinions (intentions) are in majority, they are not followed by decisions (to switch to a dynamic electricity tariff from the traditional, flat one).
There are various factors that increase the chance of social acceptance of the innovative products. Among them let us just mention the outcome of cost-benefit analysis, usability, price control, convenience of signing up and what the innovation means to the consumers, for example, the way it reflects their identity, image, memberships, values and norms. Many researchers showed that strong social norms, are needed to encourage adoption [6, 8, 9, 30, 31, [35] [36] [37] [38] . Without social norms, people cannot judge whether adopting a new energy service is accepted or not. The role of social influence is important: people show their sense of membership by taking up activities that are regarded as a norm within the group they belong to [8] .
C. Social influence
The recent studies have proved that normative social influence has a positive effect on the intention to engage in environmental behaviors [8, 30, 31, 39, 40] . It has been found that strong social norms encourages the adoption of various proenvironmental behaviors, like e.g. acceptance of green energy or energy conservation behavior, see [8] . The literature suggests that consumers are favorably influenced by the opinions and actions of their family, friends and associates [7, 17, 25, 26, [35] [36] [37] [38] [39] [40] [41] . Therefore the social dimension of consumer behavior and engagement need to be carefully taken into account [31] .
As Ozaki noticed, social and personal identity and values can be represented by a person's level of consumption or adoption of green electricity [8] . Moreover, in the work of Bollinger et al., social interaction through so called peer effects are recognized as a potentially important factor in the diffusion of new products. In that study, the impact of peer effects on household decisions about the installation of solar photovoltaic (PV) panels have been shown [42] . The more PV were installed on average in the certain area, the higher was the probability of the adoption and further increase of new installations.
Nolan et al. has argued that a social norm has a greater impact that other non-normative motivations like: protection of environment, benefiting society or even saving money. Moreover, in that study the inconsistency between stated motivation and actual behavior has been revealed. Because "others are doing it" was judged to be the least important reason at the self-reported motivation stage. But the highest correlation with actual conservation behavior was a person's belief whether or not their neighbors were doing it, see [30] . The impact of the neighbors behavior have been also revealed in the studies of Alcott and Ayers [31, 39] . Both studies report on the large-scale program, run by the OPOWER, who sent so called Home Energy Report Letters to residential utility customers comparing their electricity use to that of their neighbors. By the means of this action, the energy consumption has been reduced by 2%. It was shown that combining the descriptive and injunctive messages (in this case, the emoticons: happy or sad faces) lowered energy consumption and reduced the undesirable boomerang effect (that those who occurred to use less energy in comparison with the neighbors started to increase their consumption), see [31] . According to Ayers et al., learning that neighbors consume less (more) energy could increase (decrease) feelings of guilt about contributing to social problem and thereby impact private preferences and motivations to conserve [39] . Alternatively, learning the behavior of neighbors might provide information about the possibility of alternative consumption choices and the relative benefits of those choices.
To conclude, consumer engagement in energy conservation is influenced by social and personal norms [30, 31, 43, 44] To achieve the best results in diffusion of innovation and reduction of energy consumption both: normative and descriptive norms should be combined [30, 31, 39] . That is why the social pressure cannot be neglected in diffusion of green energy and dynamic tariffs. Seeking information from personal contacts, referred to as the mobilization of social capital, could potentially promote the diffusion of energy-reducing innovations.
IV. CONCLUSIONS
The main findings of the research and analysis of social acceptance towards innovative green energy and dynamic pricing are as follows:
-Pro-environmental attitudes and beliefs do not always translate into environmental behavior (intentionbehavior-gap). This is due to lack of strong social norms and personal relevance, inconvenience of switching, uncertainty about the quality of green electricity or confusion of choosing between various dynamic electricity tariffs and lack of accurate information and advice.
-To increase the chance of effective adoption by consumers it is necessary to overcome obstacles of behavioral change, like perception, self-interest and limited knowledge (including awareness, understanding and procedural knowledge of the innovation) [9, 10] .
-To fill the gap between intentions and actual behavior the benefits from adoption need to have personal relevance to encourage potential adopters to take action.
-From various promoting strategies of more efficient energy behaviors, those based on feedback mechanisms seem to bring best results [9, 22, 30, 31] . It is so, because people compare themselves to their neighbors and the motivation "because others are doing it" seem to be very crucial.
-Social norms and innovations influence each other: when more people adopt an innovation, the innovation itself becomes a norm, which encourages even more people to adopt it [8] .
-Strategies promoting DSM or green energy policy and programs must be designed according to the consumer profile to make it more effective. Market segmentation and market analysis is needed [12, 22] . Level of consumers' awareness of the innovation should be investigated and the marketing strategy and promotion should be designed according to it.
-Green power is not generated generically, but often it is promoted generically. Research has shown that consumers do not perceive green energy sources as equivalent and that it is important to specify the source of green power when estimating preferences and utility [16] .
-Finally, to make the adoption of innovative green energy and dynamic tariffs effective the consumers must perceive more benefits and positive consequences from adopting than costs. They must think that adopted products are in agreement with their values, beliefs and current practices. They have a feeling of control and they accept to pay extra money for the adopted products or to suffer from discomfort (of rescheduling their daily routine). Last but not least they have a support of others members of the community who are also becoming adopters (social influence and norms).
Although a large number of studies, analysis and research about environmental behavior and social acceptance towards green energy and dynamic tariffs has been done, there are still a lot of open questions or issues that must be further researched. Among them, the following can be mentioned [5, 15, 16, 33] : What are the crucial factors in acceptance of particular green energy, e.g. PV-modules, solar power plants, off-shore wind power, biogas installation, biomass power plants etc.? What is it that really makes people buy renewable energy and how does this key motivation differ between customer segments? Do community residents appreciate and accept specific types of RES? How should the policies and marketing strategies be defined to increase the acceptance of RES? How can programs, policies and market incentives contribute to the establishment of RES? How to translate national policy objectives into locally accepted policies? How to determine the extent to which consumers believe that their choices of green electricity and dynamic tariffs have an effect on the production of green electricity and sustainable development of the power system, since the outcome of their choices cannot be possible observed? These and many other scientific questions still need to be researched in order to propose better, more effective promoting strategies of innovative products: green energy and dynamic electricity tariffs and to assure their successful adoption on the energy market in the future.
